CATON 


Queen’s House from Lincoln’s Inn Fields. 


All rights of republication, including translation of articles, are reserved. 


J ALL | 
= : : : = 
| 
—— 


> 
+ 


“AVMTIVY WIOSNINSG NVIGNT 
AHL AO NOLLVLS YAMOG NVAIVY FHL LY AO ASYNOD NI NOLLVLG YNIHOLIMG 


= 
| 


/ 
=" 


hy 


The 
English Electric 
Journal 


Vol. IV. No.6 


CONTENTS. 


PAGE 


BERNARD ALEXANDER FIRTH - 143 


OPENING OF CHRISTCHURCH- 


LYTTELTON ELEcTRIC. RAIL- 


WAY “ ‘ - 144 


TRANSFORMER & SWITCHING 


EQUIPMENTS FOR HIGH- 


VOLTAGE TRANSMISSION - - 145 


LARGE VERTICAL ALTERNATORS 


FOR PERAK RIVER’ Hypro- 


ELECTRIC POWER COMPANY - 162 


All 
Contents should be 
THE 


House, Kincsway, Lonpon, \W.C.2. 


Communications respecting Editorial 


addressed to Tue Epiror, 


EnciisH Evectric JourNAL, QUEEN’s 


FEBRUARY, 1929 


One Shilling. 


BERNARD ALEXANDER FIRTH. 
By the passing of Colonel Firth on 
February 18th this Company and British 
Industry at large have lost a_ lovable 
personality in whom resided great know- 
ledge of affairs, wide social sympathies 
and the tastes of an English sportsman. 
It is only natural that of his business 
associations the firm of Thos. Firth & 
Sons should come first to mind, for his 
Father and Grandfather were among its 
founders in 1840, and at the time of 
his death Colonel Firth was its Chair- 
man; he entered the family business at 
the age of seventeen, upon completing his 
education at Rugby. He wasalso Deputy 
Chairman of John Brown & Company, 
and a_ Director of The London & 
North Eastern Railway after lengthy 
service on the board of the Great North- 
ern Railway prior to the grouping. 
Apart from his business interests, one 
of Colonel Firth’s keenest enthusiasms 
was for the Volunteer and Territorial 
movements, in which he was an active 
participant for some twenty-five years. 


q 
—— 


Opening of the 
Christchurch-Lyttelton Electrified Line. 
New Zealand Government Railways. 


This important comprehensive contract 
has been brought to a successful conclu- 
sion by the running of the first electric 
train on the 14th February. Ministers 
of the N.Z. Government and representa- 
tives of the Departments concerned 
expressed complete satisfaction at the 
* English 


record time achieved. The 


Electric” 1,500-volt, single-commutator 


rotary converters operated perfectly 
through a number of short-circuits on 
the D.C. line and heavy surges on the 


A.C. system. 


The illustration shows one of the six 
50-ton locomotives supplied for the con- 
which included 


tract, complete 


automatic and supervisory switching 
equipments and the 1,500-volt overhead 


line. 
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He received his first commission in the Hallamshire 
Rifles in 1884, and after that corps became the 4th 
Battalion of the York and Lancaster Regiment, he was 
eventually promoted to the command. He received 
the volunteer decoration and was mentioned in the 
Gazette for War services. He took a great interest also 
in county cricket and in the athletic associations of the 
companies with which he was connected, especially those 
of the Great Northern Section of the L. & N.E Railway. 

His leisure was devoted largely to many forms of 
sport of which shooting was probably his favourite 
relaxation ; he also engaged in agriculture and_stock- 
breeding on his estate near Cirencester. 


The esteem in which Colonel Firth was held in his 
native city was strikingly shown by the large number 
of workpeople of all ranks who were present at the 
memorial service held in Sheffield Cathedral. 


Reference to our records shows that our late Director 
joined the Board of Dick, Kerr & Co. in 1918, the 
Directors who proposed and seconded his election being 
Mr. Claude Cayley and Mr. John Sampson. By dire 
coincidence this Company has had to mourn the loss of 
all three of these original Directors. 


144 
is 
— 
4 
= 
= — — a3 
oa 


THE ENGLISH ELECTRIC JOURNAL 


‘Transtormer and Switching Equipments for 
High-Voltage Transmission Lines. 


The rate at which the voltage of transmission 
of electricity has increased is astonishing when 
one considers that less than forty years ago the 
highest voltage used was 2 kV. and now 380 kV. 
is being put into commercial service. 

It has been a comparatively easy matter to 
increase the voltage of alternating-current trans- 
mission to the present high value, and even now 
it is not the question of transformer design that 
is placing a limit to the maximum voltage of 
transmission, but problems connected with the 
transmission line itself. Transformer designers 
agree that if it were a sound commercial propo- 
sition to transmit electricity at 750 kV. they 
would not hesitate to offer to build the necessary 
transformers. 

The chart in Fig. 1 indicates how the voltage 
of transmission has increased since 1890. There 
was a fairly steady rate of increase until 1920, 
when a maximum transmission voltage of 154 kV. 
was succeeded by the putting into operation of 
the first 220 kV. transmission line. Then in 1928 
there was a further sudden jump to 380 kV. 
The increases in pressure during the first ten 
years resulted from the necessity for economical 


transmission of increasing amounts of power in 
comparatively small areas. At the same time 
the possibility of harnessing water power was 
being seriously considered, and in most cases this 
water power was at some considerable distance 
from the point at which use could be made of the 
electric power. This was particularly so in 
America, where there were vast water power 
resources, although unfortunately many of these 
were hundreds of miles from the load centre. 
Thus for the development of these schemes the 
pressure of transmission was increased first of all 
to 110 kV., then to 132 kV., and later to 220 kV. 
It should be noticed that while the original pur- 
pose of developing high voltages was the economi- 
cal transmission of electricity over very great 
distances, in more recent years other problems 
have helped to decide the transmission voltage, 
and at the present time in a number of cases the 
pressure has been determined not by the distance 
of transmission, but by the very large amounts 
of power that have to be transmitted over com- 
paratively short distances. 

In the case of the National Electricity Scheme 
in this country, there is no long distance trans- 
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mission in the sense that it is known abroad, but 
the principle of the Scheme is such that enormous 
amounts of power may have to be transmitted. 
For this reason it was considered desirable to use 
a very high voltage, and in determining the highest 


practicable figure, operating practice all over the’ 


world was carefully taken into consideration, and 
it was decided that 132 kV. was the pressure most 
suited to the requirements. 

As stated above, the problem of building high- 
voltage transformers has proved comparatively 
simple ; and it is interesting to find that the cost 
of transformers has not increased with increasing 
voltage to the extent that might have been 
expected. Take, for example, a 10,000 kVA. 
three-phase transformer and assume the cost at 
6-6 kV. as unity ; the cost at 66 kV. would be 
about 1-15, and at 132 kV. it would be about 1-35. 
Hence the cost of building a transformer of this 
capacity for a very high voltage is not excessive, 
and the extra cost is very quickly recovered by 
savings in the transmission line. It may be said 
that if the distance over which a 10,000 kVA. load 
has to be transmitted is very great it can only 
be done by increasing the voltage to the highest 
value. 

If the influence of the transformer capacity is 
considered, it is found that broadly speaking the 
most economical order of voltage increases with 
the capacity of the unit ; taking an extreme case, 
a 60,000 kVA. transformer would cost more if 
built for 2 kV. than for 110 kV. Similarly there 
is a lower limit of size for which it is economical 
to build high-voltage transformers. Taking again 
the price of a 6-6 kV. transformer as unity, the 
prices for 132 kV. transformers of various outputs 
would be respectively as follows :—2,000 kVA., 
20; 5,000 kVA., 16; 10,000 kVA., 1°35; 
15,000 kVA., 1:3. It is obvious, therefore, that 
careful consideration should be given to the 
determination of the minimum size of transformer 
that should be built, the minimum size increasing 
with the voltage. At 132 kV. probably the 
minimum economic size is certainly not less than 
7,500 kVA., three-phase, and preferably it should 
be not less than 10,000 kVA. In most cases, 
however, the high voltage of transmission is also 
coupled with the necessity for transmitting a com- 
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paratively large amount of power, in which case 
the minimum capacity would probably be not 
less than the smallest economic size of trans- 
former, especially when the requirements over 
say the next five years are taken fully into 
account. 

In some cases it has been found necessary for 
special reasons to use delta-connected windings 
on the high-voltage side of transformers ; but 
if the voltage is very high and the capacity 
relatively small the transformer becomes very 
expensive as compared with a corresponding 
transformer with a_ star-connected winding. 
Therefore, the tendency has been to use the star 
connection on the H.V. side of high-voltage trans- 
formers. A later development was to connect 
solidly to ground the neutral of such systems, and 
to use graded insulation on the transformers ; 
at a pressure of 132 kV. the saving in the cost 
of the transformer is as much as 12 per cent. 
A transformer so designed has the maximum 
insulation to earth at the line end, and this is 
graded toward the neutral end of the winding 
which is connected solidly to ground. Obviously 
a transformer constructed in this way cannot be 
tested in the ordinary manner by applying a 
voltage from a separate source between the H.V. 
winding and ground, but it has to be tested by 
inducing an over-potential in the winding itself. 
The standard test is 2-73 times the voltage to 
ground, and this voltage is induced in the wind- 
ings from a separate source of supply, the fre- 
quency being increased so that the exciting 
current required by the transformer at the higher 
voltage will not be excessive. 

It is, of course, standard practice to re- 
inforce very considerably the insulation between 
turns at the line end of every transformer, and 
even in a transformer with the neutral solidly 
grounded it is essential to provide considerable 
reinforcement between turns at the neutral end, 
since it is found in practice that high voltage and 
high frequency surges may enter the transformer 
at the neutral end as well as at the line end. 
Experience shows that the severity of such 
surges is probably half as great at the neutral 
end as at the line end and the transformer turn 
to turn insulation must be arranged accordingly 
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Fic. 2. 15,000 kVA., 132 kV. THREE-PHASE SELF-COOLED OuTpOOR TRANSFORMER WITH AUXILIARY 
AIR-BLAST COOLING NOW UNDER CONSTRUCTION, 
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The transient line conditions that affect the 
insulation of a transformer, particularly the 
reinforcement on the line turns, is an interesting 
study. There are various kinds of surges in a 
transmission line. Some have an extremely high 
maximum voltage but do not necessarily carry 
a large amount of power. Such high-voltage 
surges cause flashover on insulators or sparking 
distances inside a transformer, but do not have 
much effect on solid insulation; to protect 
apparatus from them, lightning arresters are 
sometimes installed, but a practice that is be- 
coming more common to-day is to arrange the 
line insulators adjacent to the apparatus for a 
distance of some hundreds of yards to have a 
lower flashover value than the remainder of the 
line and the bushings of the apparatus. This 
provides a_ safety valve for high-voltage 
flashovers and when they occur it is not 
likely that much damage will be done. An 
entirely different type of surge is of very high 
frequency or in the case of uni-directional surges, 
one that has a very steep front. In both of these 
cases the maximum voltage of the surges may 
not be very high, but they cause a concentration 
of voltage stress across the end turns of a trans- 
former, and this is the necessity for reinforcing 
the insulation on the line turns. Of course such 
surges are of extremely short duration, possibly 
not exceeding a few cycles, and in order to test 
the insulation between turns it is common prac- 
tice to apply a voltage for three seconds only. 
It has been suggested that a complete transformer 
should have a surge test applied to it, the idea 
being to reproduce as closely as possible actual 
service conditions. A serious objection to this 
is that although the test may be carried out quite 
satisfactorily, the winding may have received 
some permanent damage which will accelerate a 
breakdown later on in service. So much experi- 
ence has been gained on the design and operation 
conditions of high-voltage transformers that the 
present practice of reinforcement of end-turn 
insulation is undoubtedly satisfactory. 

Objections have been raised to the solid 
grounding of neutrals of high-voltage transmission 
lines on account of the possibility of telephonic 
interference. But experiments have shown that 
this possibility need not be considered too 


Fic. 3. At50,000 kVA. 110 kV. SUBSTATION, 


seriously, and it is interesting to know that in 
all areas of the National Electricity Scheme the 
neutrals of the 132 kV. systems will be solidly 
grounded, 

Where it is necessary to connect two high- 
voltage transmission systems, it has been found 
desirable for economic reasons to adopt star 
connection for both the H.V. and the L.V. 
windings. If, in such a case, single-phase trans- 
formers are used or three-phase units of the 
five-limb core type, it is essential to provide a 
tertiary winding in order to avoid troubles due 
to the generation of third-harmonic fluxes in the 
core. In the absence of this precaution and if 
the neutrals of the systems are not grounded, the 
potential of the systems as a whole may oscillate 
in relation to earth potential; and even if the 
neutrals are grounded, third-harmonic voltages 
may appear in the transmission line with possible 
harmful effects. 

The tertiary winding that has to be provided 
to eliminate these disturbing phenomena is 
frequently put to very useful purposes. In such 
schemes of interconnection, regulation is often 
effected by means of synchronous condensers 
fed from the tertiary windings of the transformers. 
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As the input to the synchronous condenser is at 
practically zero power factor the effect of this 
extra load on the size and cost of the transformer 
is comparatively small. In other cases the ter- 
tiary winding may be arranged to furnish a local 
supply at a low voltage. 

For the reason that high-voltage transmission 
was originated to meet the great distances of 
water power resources from the points where the 
electricity was required, it is easily understood 
that most of the development work took place in 
America, and until last year that country main- 
tained the lead in increasing the transmission 
voltage ; but the latest development of 380 kV. 
transmission has occurred in Germany. In recent 
years English manufacturers have made great 
progress in building high-voltage apparatus, and 
have successfully equipped many of the high- 
voltage transmission schemes in the overseas 
dominions as well as supplying transformers for 
systems in many foreign countries. 

In 1925, the English Electric Company supplied 
four 37,500 kVA., banks of transformers to the 
Tata Power Company, Bombay. These units 
are installed in the Dharavi Substation where the 
transmission pressure of 110 kV. is transformed 
down to 22 kV. for local distribution in Bombay. 
The 110 kV. windings are delta connected, and 
the insulation test applied from the H.V. winding 
to ground was 240 kV. Figure 4 shows a group 
of these transformers in the Stafford Works, 


and figure 3 the interior of the Dharavi sub- 
station. 

Referring again to the development in America, 
right up to the present time this has followed the 
original standard practice of using single-phase 
units, and banks of single-phase transformers up 
to 100,000 kVA. are in use. On the other hand, 
on the Continent and in England the tendency 
has been to use three-phase units. The question 
of the maximum size that should be built is not 
so much one of manufacture as of transport 
facilities and handling on site. In putting a 
high-voltage transformer into service one of the 
most important features is that of drying out, 
and it is much more satisfactory to do this at 
the manufacturer’s works than to attempt it on 
site, which would usually be in the open air. 
Therefore, it is necessary wherever possible to 
transport the transformer from the works to site 
in its own tank, and covered with oil. Hence, 
starting with this condition, development has 
followed the line of determining the maximum 
size that could be transported by rail. At the 
present time 60,000 kVA., 132 kV. three-phase 
units have been ordered by the Central Electricity 
Board, and it is extremely likely that even larger 
sizes up to perhaps 100,000 kVA. will be con- 
sidered in the near future. At the larger sizes 
which we are now considering the difference in 
cost between a bank of single-phase units and 
the equivalent three-phase unit is about 20 per 
cent. in favour of the 
three - phase alterna- 
tive. Figures 2 and 
5 are of interest as 
showing “English 
Electric ” designs of 
large 132 kV. trans- 
formers ; 15,000 kVA. 
three-phase units of 
the type represented 
are now under con- 
struction, while com- 
plete designs for large 
three-phase banks up 
to 100,000 kVA. have 
been fully worked out. 


Fic. 4. 110 kV. SINGLE-PHASE TRANSFORMERS, AGGREGATING 100,000 kVA, 
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Fic. 5. ELectrric’’ DestGN ror A 100,000 kVA., 132 kV. THREE-PHASE BANK. 


The question of spares should not be given too 
much prominence for the reason that transformers 
are universally acknowledged to be the most 
reliable pieces of electrical apparatus in use. In 
vases such as the National Electricity Scheme 
where practically the whole scheme is in duplicate, 
the question does not arise. Furthermore, there 
is no reason why the size of three-phase unit 
should not be the maximum consistent with the 
load requirements, and wherever possible a 
substation should consist of two transformers 
only. At 132 kV. the cost of switchgear is a very 
large part of the cost of a complete substation, 
and it is practically a constant irrespective of the 
transformer capacity. Therefore, if in a certain 
substation two transformers were replaced by 
three transformers of the same total capacity the 
total cost would be very considerably increased, 
not only because of the increased cost of the 
smaller transformers, but largely because of the 
extra switchgear required. 

One of the essential features of the National 
Electricity Scheme is that it shall be possible for 
power to flow in either direction, that is trans- 
formers may be used for stepping up or stepping 
down. For this reason provision has to be made 


for a large amount of voltage regulation, which 
has been standardized at plus and minus 10 per 
cent. in 1-43 per cent. steps. Provision is made 
for this on the 132 kV. side, the tapping winding 
being located toward the neutral end, but before 
the reinforced portion of the winding. The scheme 
adopted in English Electric’ transformers 
is what is known as the mid-point auto- 
transformer scheme. The number of sections in 
the tapping winding corresponds to half the 
number of steps required in the full range of 
regulation. These taps are brought out through 
bushings in the side of the tank, and by means of 
cam-operated contactor gear are connected in 
various combinations to the mid-point auto- 
transformer, the mid-point of which makes pro- 
vision for the intermediate voltages. 

High-voltage transmission has been developed 
mainly with overhead transmission lines, and for 
underground transmission the limit was 33 kV. 
until very recently, when 66 kV. was put into 
service in a few cases, and in America 132 kV. 
underground cables are also in use. For both the 
last mentioned voltages the underground cable 
consists of three entirely separate single-core 
cables, usually lead covered, but not armoured. 
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In many cases in the National Electricity Scheme 
the 132 kV. main transmission pressure is trans- 
formed down to 66 kV. at which pressure 
underground cables are taken to further secondary 
transformers stepping down to lower pressures 
for local distribution. 

The question of cooling is an important one, 
and it is rather interesting to observe how rapidly 
the size of self-cooled transformers has increased 
during the past ten years. In 1918 a 3,000 kVA. 
unit was looked upon as being a large transformer 
for self-cooling. At the present time self-cooled 
transformers of 15,000 kVA. are in service. 
Until recently the alternative to self-cooling was 

ater cooling by means of an external water 
cooler through which the oil is pumped, or by 
means of a water cooling coil inside the main 
transformer tank. Either of these schemes is 
considerably cheaper than self-cooling. On the 
other hand account must be taken of the fact 
that an artificially cooled transformer of any 
type involves maintenance and running expenses, 
and also a certain amount of supervision, whereas 
self-cooled transformers require none of these. 
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Therefore it is probable that in most cases the 
increased cost of self-cooling is justified. This 
argument can be applied up to about 20,000 kVA. 
after which the difference in cost becomes in- 
creasingly great. 

Recently the capacity of self-cooled trans- 
formers has been increased by applying an air 
blast to the radiating surface, either in the form 
of jets of air supplied from a main blower or in 
some cases each radiator is provided with its own 
fan and motor. This latter scheme is interesting 
since it is not of great consequence if one or 
even two of the blowers break down. Further- 
more, it can be arranged for the blowers to be 
put into service in groups depending on the 
amount of load to be carried. A further alterna- 
tive is to provide the air blast cooling equipment 
in an entirely separate unit. In this case the 
main tank has no radiators on it, and only one 
inlet and one outlet connection for the cooling oil. 
The cooling device consists of a separate bank of 
radiators which without any air blast is capable 
of dissipating sufficient heat to enable the trans- 
former to carry a certain amount of load ; the air 
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Fic. 6. Two 10,000 kVA. BANKs or 66 kV. TRANSFORMERS. 
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blast only comes into action after the load exceeds _ its proximity to high voltage. On the other hand 
this value. In the National Electricity Schemes, _ if it is so far removed from the conductor as to be 
all transformers are arranged so that they can perfectly safe then it cannot measure the tem- 
supply one half of full load with self cooling, perature of the conductor, and even if it could 
and for higher loads the air blast equipment is be calibrated to correspond to the conductor 
brought into action automatically. The normal temperature it would inevitably have a certain 
conditions correspond to an ambient air temper- time lag. 
ature of 40° C., but if it is lower than The English Electric Company has developed 
this higher loads can be taken from the a device for indicating the winding temperature 
transformer; thus the automatic feature con- of high voltage windings which avoids these 
nected with the cooling gear is based on the defects. Briefly, the scheme involves the pro- 
winding temperature, which is not entirely deter- vision of a very small coil which is arranged to 
mined by the load but also by the ambient give exactly the same temperature gradient as the 
temperature. main transformer winding. This coil is supplied 
The question of measuring the winding tem- with current from a current transformer in the 
perature obviously becomes a very serious matter main transformer leads ; thus the current in the 
on high-voltage transformers. Any device that coil is proportional to the load and consequently 
involves inserting a thermo-couple or resistance the amount of heat generated in it is pro- 
coil in the main winding should be avoided. If portional to the temperature gradient of the 
it is located so near to the conductor that it main transformer winding. Since the thermal 
measures a temperature reasonably close to the capacity of this coil is extremely small, its tem- 
actual temperature of the conductor it must perature follows that of the main winding without 
inevitably be a source of danger on account of appreciable time lag. This heating coil is located 
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Fic. 8 A 110 kV. SWITCHING 


in the hottest oil, and if a thermometer bulb or 
resistance coil be inserted in it, a true measure- 
ment of the main winding temperature is obtained. 

Some of the most important parts of a high- 
voltage transformer are the bushings by means 
of which the high-voltage leads pass through the 
tank cover. In general there are two types of 
such bushings, one known as the oil-filled type, 
and the other usually described as the condenser 
type. The former consists of a_ porcelain 
shell inside which are several concentric tubes of 
insulation or metal and the whole is filled with 
oil, usually with a small expansion chamber on 
top of the bushing. This type has the dis- 
advantage that in the event of an oil leakage the 
bushing would break down in a very short time, 
and furthermore, it has a very large diameter 
which renders it unsuitable for some situations, 
particularly on oil circuit-breakers. The con- 
denser type of bushing consists of a large 
number of alternate layers of insulator and con- 
ductor (e.g. paper and tinfoil) for the purpose of 
ensuring an almost ideal potential gradient 
through the insulating material from the line 
conductor to earth. In addition to this great 


EQUIPMENT IN NEW ZEALAND. 


advantage it has also a comparatively small 
diameter. 

The development of switching equipments 
suitable for use on the high-voltage side has, in 
the past, proceeded scarcely less rapidly than 
that of the high-voltage transmission lines them- 
selves and of their transformers. In the early 
days it was not fully appreciated that switchgear 
designers could produce satisfactory apparatus 
for the H.V. side and consequently switching 
was, for some time, confined to the L.V. side, so 
far as current breaking apparatus was concerned. 
Eventually engineers found that this arrange- 
ment was lacking in flexibility and introduced 
problems of rupturing very large capacities at 
generator voltages. In recent years, as a result 
of the more general use of switchgear in the H.V. 
side considerable advance has been made in the 
design of switchgear of the oil-immersed, as well 
as of the air-break, type for outdoor use. The 
English Electric Company has constructed, and 
has in course of manufacture, a large number of 
complete outdoor switching stations for the 
control of transmission lines operating at all 
standard voltages up to 220 kV.; notable amongst 
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these are twelve 132 kV. substations under 
construction for the 8.E. England primary trans- 
mission scheme. 

Transformers are inherently so suitable for 
installations in the open air that it might be 
assumed that the installation of switchgear in a 
similar manner presents no considerable problems. 
But while it is evident that great economy is 
possible by dispensing with a containing building 
for the widely spaced switching equipments for 
very high voltages, it must not be overlooked that 
the supporting of the numerous parts of such 
equipments necessitates structures which must be 
designed of sufficient mechanical strength to 
withstand the stresses due to wind and weather, 
and the possible effects of corrosion or the depo- 
sition of solid matter from the air. Therefore, 
the design of outdoor switching structures has 
remained susceptible to further development, 
both as regards the material and arrangement of 
the various members, of heights above and below 
ground level, and in other features, considerations 


Fic. 9. 110/132 kV., Four-BREAK OIL BREAKER. 
Switcu CLOSED, 


Fic, 10, 110/132 kV., Four-BREAK OIL BREAKER, 
Switch OPEN, 

which are only another aspect of the fact that in 
the design of large switchgear installations, a 
very great number of variable factors has to be 
considered, and that much research work still 
has to be done in relation to important com- 
ponents of such equipments. This Company was 
one of the pioneer manufacturers in this country 
in the design and construction of reliable oil- 
immersed circuit-breakers of large rupturing 
capacity and their modern designs of breakers for 
voltages up to 132 kV. are the latest stage of a 
steady evolution from breakers for 22 kV. and 
33 kV. which have been in successful operation 
for a great many years. 

As an example of the line of English Electric ’ 
heavy rupturing capacity oil circuit-breakers that 
has been standardised for 50 to 132 kV. a brief 
description may be given of the 132 kV. unit. 
Each single-phase breaker is contained in an 
independent cylindrical tank constructed of 
heavy boiler plate and arranged for mounting on 
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Fic. 11. 110 kV SwitcHING EQuIPMENT AT KALYAN POWER STATION, INDIA. 


the ground, and there are triple linings of insula- 
tion spaced from each other and from the tank 
wall to ensure that there is always a quiescent 
layer of oil between the tank and lining. <A very 
high speed of breaking has been attained without 
employing a high plunger-bar velocity with its 
attendant disadvantages. As seen in Figs. 9 and 
10 and in the diagram of Fig. 7 there are four 
breaks in series in addition to the main contacts 
on which no breaking occurs. The auxiliary 
contacts are so arranged that they break one 
after the other, the timing of the breaks being 
such that one of the four contacts will commence 
to open at the most favourable moment for rup- 
turing the circuit, i.e., when the current is passing 
through its zero value. Corona shields are fitted 
to enclose the auxiliary contacts completely, and 
each set of shields and contacts is readily remov- 
able. 

Another feature that contributes to the satis- 
factory operation of these breakers is the incor- 
poration of the ‘ English Electric” patented 
combination of expansion chamber and_ baffle 
vents. A limited air space immediately above 
the oil level acts as a cushion for the shock on 


opening circuit. This air space is connected 
through perforated metal plates with an ex- 
pansion chamber which also serves to accom- 
modate the operating mechanism. The perforated 
plates tend to prevent oil throwing, and they 
allow the pressure in the main tank to be relieved 
while reducing the temperature and velocity of 
any oil or gas which may be forced into the expan- 
sion chamber. From the latter, any oil thrown 
up drains back to the main tank, while the gas 
pressure is relieved by vent pipes which lead from 
the expansion chamber and are designed to pre- 
vent the entrance of moisture. 

The terminal bushings are of the condenser 
type, protected by porcelain rain shields, and so 
designed that a bushing type current transformer 
‘an be incorporated. The dome-shaped top 
plate is of steel, and supports the whole of the 
terminal bushings, contacts and operating 
mechanism. 

The operating mechanism is contained in the 
enclosure which forms part of the expansion 
chamber casting, and removable covers give 
access for inspection or adjustment. Actuation 
may be by means of a solenoid or motor, and 
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Fig. 12 shows an equipment of the former type. 
For the twelve 132 kV. sub-stations now in hand 
for the South-East England Scheme, D.C. 
solenoid operation will be employed, and the 
mechanism is mounted on a pedestal enclosed in 
a weatherproof cabinet and connected to the 
three breakers of a triple-pole unit by means of 
pull rods enclosed in steel tubing. The arrange- 
ment is such that the rods are never in com- 
pression and slight variations in alignment are of 
no consequence. For the contract in question 
the breakers are proportioned for a rupturing 
capacity of one and a half million kVA. 

An interesting example of an * English Elec- 
tric’ main switching station for a 110 kV. 
system is that which is on the point of going into 
service at the Kalyan Power Station of the Great 
Indian Peninsula Railway. This station has an 
initial plant capacity of 40,000 kW., but this 
figure will eventually be doubled. Generation is 
at 6,600 volts, 50 cycles per second, and step-up 
transformers raise the pressure to 110 kV. for 
transmission. The 110 kV. switching system 
comprises outdoor electrically-operated main 
switching with duplicate busbars for four banks 
of step-up transformers and four overhead 
lines, together with 110 kV. busbar coupling and 


Fic, 12. TripLe-po_e 110 kV. BREAKER WITH OPERATING SOLENOID, 
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OPERATING BOARD FOR 110 kV, OuTDOOR 
SWITCHING STATION, 


sectionalising equip- 
ment. The feeder oil 
circuit - breakers are 
provided with isolat- 
ing switches on each 
side, and a triple-pole 
isolating switch in 
parallel with the oil 
breaker is arranged so 
that, if necessary, the 
breaker equipment 
can be isolated with- 
out interrupting the 
service. 

As already men- 
tioned, remote elec- 
trical operation has 
been adopted and Fig. 
13 is a view of one 
of the operating boards 
in course of erection 
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at Works. Fig. 11 and the Frontis- 
piece show views of the station itself, 
and Fig. 14 gives an indication of the 
layout and connections of the various 
pieces of apparatus. 

Four interesting * English Electric ” 
switching stations have recently been 
put into service in New Zealand on the 
Waikato Power Scheme for the control 
of 110 kV. and 50 kV. lines. The 
layout of these stations, which — is 
indicated in Fig. 15 provides for the 
insertion of an _ oil-breaker in the line 
with an isolating switch on each side, 
but with a horn-break switch in para'lel 
with each oil-breaker equipment, so that 
the latter can be isolated without inter- 
rupting the service. The oil-breakers 
are mounted below lattice girders which 
carry the horn-break and isolating 
switches. The structures are rectangu- 
lar, and jumper connections are carried 
from side to side with busbars running 
from end to end; usually these are of 
the strain type, but in certain cases rigid 
busbars and connections on pedestal 
insulators have been employed. The oil- 
breakers are electrically operated, the 
horn-break switches remote mechanically 
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Fic. 16. 110kV. SunsTATION IN NEW ZEALAND WITH HORN-BREAK SWITCHES AND O1L CrirRCUIT BREAKERS. 
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operated, and the _ iso- 
lating switches pole- 
operated. Views of the 
Hamilton and Penrose 
stations are reproduced 
4 in Figs. 8 and 16 
respectively. 

It may be of interest 
to readers to conclude 
this article by some ex- 
amples of modern out- 
door switching and trans- 
former stations for the 
control of intereonnector 


and bulk supply lines 
operating at somewhat 
lower voltages. 


Fig. 17 shows one of 
two stations recently put 


into operation on lines LAN 
connecting the North 
Metropolitan Electric 
+ Supply Company’s 
tem with that of the Bedfordshire, Cambridge- Though operating at 33 kV., the insulators 
shire & Huntingdonshire. Electricity Company. employed are suitable for 44 kV. Each station 
provides for three feeders 
and a 500 kVA. 3-phase 
transformer with apparatus 


Fic. 17. 33 kV. SupsTaTION AT ST. IVEs. 


for a second transformer to 
be added later. The struc- 
ture consists of tubular steel 
framework, connected by 
clamps, in order to avoid, 
as far as possible, drilling 


and accurate alignment of 
the members on erection. 
Triple: poleisolating switches 
of the Company’s rotating 
centre - pillar type with 
earthing blades are em- 
ployed, and__ interlocked 
operating gear is brought 
down to ground level. The 
oil-breakers are of the hand- 
operated type mounted on 
a framework and complete 


with tank lowering gear, 


and they are provided with 
Fic. 18. 33 kV. SUBSTATION, ON. PRESTON-BLACKPOOL LINE. and t 
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Fic. 19. Ourpoor SWITCHING CENTRE EQUIPPED 
WITH OIL-IMMERSED SWITCH Fuses. (CHESTER). 


bushing type current transformers operating a 
biassed type of protective gear for the feeders 
and time limit overload protection for the 
transformers. 

An interesting example of a combined indoor 
and outdoor design of sub-station is that shown 
in Fig. 18 which illustrates one of the stations on 
the Preston-Blackpool 33 kV. overhead line. In 
this case the engineer preferred to have the 
switchgear indoors owing to the presence of con- 
siderable solid impurities in the atmosphere at 
one end, and the humid saline conditions at the 
other. The sub-station structure has, therefore, 
taken the form of an enclosed switchhouse sup- 
ported on a steel framework immediately above 
the transformers and isolating switches with their 
connections, which are of the outdoor type. The 
remainder of the switchgear is of the Company’s 
standard indoor design, and access to the switch- 
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room is obtained by means of an external stair- 
way. 

One of the most important problems met with 
in the endeavour to utilise fully and economically 
main high-voltage transmission lines is, of course, 
the one of how to tap off relatively small amounts 
of power desired by small communities, isolated 
works, etc. One of the concluding illustrations 
shows an example of the oil-immersed switch fuse 
equipment which The English Electric Company 
has developed for line voltages up to 33 kV. and 
capacities up to 100 amperes. These units are 
weatherproof and have been designed to give full 
safety for supervision and maintenance. A less 
expensive type of apparatus which is now being 
developed by the Company for somewhat lower 
voltages is the horn-break pole-mounted switch 
fuse, shown in Fig. 20. For inspection and fuse 
replacement the hinged arm can be lowered so 
that the fuse contacts are accessible from the 
ground level. 

The testing of extensive high-voltage trans- 
mission systems before they are put into opera- 
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Fic, 20, POLE-MOUNTED SWITCH-FUSE, 
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Fic. 21. SELF-CONTAINED TESTING EQUIPMENT FoR 110 kV. System, 


tion, as well as routine maintenance testing sub- 
sequently is an important consideration. Fig. 
21 shows an interesting equipment designed to 
meet the special requirements of this work. It is 
self-contained and transportable, so that it can 
be used at any isolated place where no electric 
supply is available, and the apparatus is so 
designed as to be unaffected by exposure to the 
elements during transit. Power is derived from 
an alternator driven by an internal-combustion 
engine, the complete set being mounted on the 


carriage seen on the left. This set supplies the 
L.V. side of the testing transformer and regulation 
is effected by the hand-operated Induction 
Regulator. The H.V. side of the testing trans- 
former shown, gives an output of 150 kVA. at a 
maximum of 200 kV., and the H.V. bushing is 
equipped with choke coil, resistance and sphere 
gap. In the foreground is a cabinet containing 
a 40 kV. testing equipment used mainly for 
testing oil. 
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Large Vertical Alternators for the 
Perak River Hydro-Electric Power Company. 


Fic. 1. TESTING THE STATOR CORE OF ONE OF THE ALTERNATORS. DIAMETER 25 FT. 6 INS. 


By reason of the large dimensions and con- 
siderable floor space required for the construction 
and assembly of vertical-shaft alternators for 
great outputs at slow speeds, the question of 
workshop capacity is an important consideration. 
The two works of the English Electric Company 
allocated to this class of plant, namely Preston 
and Stafford, are fortunately well equipped for 
such work, and consequently the Company has 
been able to accept contracts for a number of 
machines involving diameters of up to 30 ft. 
and more. 

The three alternators which are described in 
some detail in this article will be installed in the 
Chenderoh Power Station on the Perak River, 
in the Federated Malay States, and each will have 
a normal output of 9,000 kW. when running at 
93°75 r.p.m. They are designed to carry con- 
tinuously an overload of 20° at +875 power factor, 
corresponding to a load of 12,350 kVA., and are 


wound to give a 3-phase, 50-cycle output at a 
normal pressure of 6,600 volts, but with a range 
of 6,230 to 6,930 volts. 

The necessary water power has been obtained, 
together with ample storage, by damming the 
Perak River. The relatively low head of from 
53 to 60 ft. has led to the adoption of the slow 
speed of 93°75 r.p.m., with the result that the 
alternators are the largest built by this Company 
so far as physical dimensions are concerned. A 
further factor in determining the size has been 
the requirement of the consulting engineers, that 
the flywheel effect shall be 12,500,000  Ibs.-ft® 
in order to obtain suitable speed regulation of 
the set on the removal of load. In addition, 
the alternators have to be suitable for an over- 
speed of 100%. 

The flywheel effect required, called for a rotor 
of the large diameter of approximately +21 ft., 
and to enable this to withstand the high over- 
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speed a special construction was adopted. The 
rotor hub is of cast steel, split into two portions 
for convenience in shipment, and secured by 
bolts and shrink rings. The hub carries a number 
of parallel-sided keys to transmit the torque to 
the rim. The latter is built up of stampings of 
high grade sheet steel, assembled with quarter lap 
and secured between boiler plate end plates by 
steel bolts. The result is a rim in which the whole 
of the material is known to be sound, and with 
three-quarters of the section available for resist- 
ing bursting stresses. In addition the rim is free 


to expand independently of the arms, thus re-— 


lieving the latter of any tensile stresses other than 
those induced by their own centrifugal force. The 
poles are built up of laminations stamped with a 
pole shoe to support the coils and give proper 
distribution of the magnetic flux, and with 
a dovetail projection which engages with the 
slots formed in the rim. The poles are held in the 
slots by side keys, this method of construction 
avoiding the use of heavy pole pressing tackle. 
The laminations are riveted between massive end- 
plates on which brackets are provided to carry 
the ends of the rotor coils. 

The rotor coils are of copper strip wound on 
edge and insulated with mica both between turns 
and from the supporting spool. This form of 


i163 


winding gives the best possible construction from 
the cooling and the mechanical view points. 
Owing to the large number of poles and their 
comparatively short length, the copper is amply 
stiff enough to resist any tendency to distortion, 
and supports between the coils are not required. 

The vertical shaft is a steel forging with a 
forged half-coupling at the lower end for con- 
nection to the turbine shaft. A hole was bored 
through the length of the shaft and the interior 
critically examined for possible flaws. 

The large size of the stator, the outside 
diameter of which is 25 ft. 6 in., necessitated its 
being built in quarters for convenience in ship- 
ment, each quarter being completed (except for 
the coils spanning the joints) at Works. Fig. 2 
illustrates a wound quarter of one of the stators. 
Each quarter is a rigid iron casting, in which are 
assembled the core plates of high-grade silicon 
steel. A special construction provides for the 
expansion of the core independently of the 
frame thereby eliminating any possibility of the 
laminations buckling when hot. Each core is 
tested before winding by completely erecting it 
and winding it loosely with several turns of 
cable through which a_ single-phase current is 
passed. Fig. 1 shows a test of this kind in 
progress. In this way the core and frame are 


iG, 2, A WOUND QUARTER OF ONE OF THE STATORS, 
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heated by induced currents to approximately 
full-load temperature, and the core is finally 
tightened in this condition. The input to the 
coil is measured, and this figure, after suitable 
corrections, together with the absence of hot spots, 
demonstrates that the core complies with the 
designed conditions. 

Suitable ventilating ducts are formed in the 
core by means of spacers welded to the outside 
plates of the various packets into which it is 
divided. 

The stator winding is assembled in open slots 
and is of the two-layer basket type, each coil 
being completely wound and insulated before 
being placed in the slots. The conductors are 
laminated to reduce eddy currents to an inappre- 
ciable value. 

The whole of the insulation is of mica. The 
main slot insulation is micafolium, wrapped by 
hand and pressed to size in a steam-heated press. 
Experience has shown that this method of 
insulating ensures a compact cell, completely free 
from air spaces. The slot insulation is interleaved 
with the insulation on the overhang portion, which 
is linen-backed mica tape sealed with a special 
non-hygroscopic insulating varnish. A leatheroid 
liner is used to protect the coils where they are 
held in place by impregnated hardwood wedges 
driven into dovetails formed in the teeth. 

The end windings are lashed to mica insulated 
support rings bolted to the stator, and wedges 
are fitted between the coils to brace the winding 
and render it capable of withstanding a short 
circuit in perfect safety. 

This type of winding enables a_ fractional 
number of slots per pole to be used, thereby 
eliminating higher harmonics from the wave 
form ; the pole shoes are so shaped as to ensure 
that the wave form approximates very closely 
to a sine wave. 

Ventilation is effected by air drawn from above 
by means of fan blades secured to the rotor. The 
air passes through a duct formed in the laminated 
rotor rim and then part of it passes over the 
overhang, while the remainder escapes through 
the ducts in the stator and through holes cored in 
the frame to the exhaust air duct surrounding the 
latter. This duct is circular in plan, but is eccen- 
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tric to the frame, thus giving increased area as 
the volume of air increases towards the discharge 
duct leading to the outside of the station. The 
floor is level with the top of the alternator frame, 
and the duct is covered with chequer plating. 

The shaft is supported by two guide bearings, 
one above and one below the rotor, and also by 
a Michell type thrust bearing. The thrust bearing 
and upper guide bearing are carried by the upper 
bracket, which consists of a central hub to which 
are bolted eight arms, the outer ends of which 
rest on facings on the stator frame. These arms 
are insulated from the stator to eliminate bearing 
currents, and are secured by insulated holding 
down bolts and dowels. 

The base of the central hub supports the thrust 
bearing, which consists of a number of segmental 
pads lined with white metal on the rubbing face 
and carried on a system of pivoted levers to take 
up any possible small errors in alignment. The 
load is transmitted from the shaft to the pads 
by a thrust bell, lightly pressed into the former 
and secured by a recessed split steel ring. The 
bearing is completely self-lubricating, as it runs 


Fic. 3. Rovor or THE 10,000 kVA. ALTERNATOR 
SHOWN IN Fic, 5. 
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Fic. 4. ONE or THE ALTERNATORS FOR PERAK 


in an oil bath and sets up an adequate circulation 
of the oil. Cooling water is circulated through a 
copper coil in the bearing housing. This thrust 
bearing carries, in addition to the weight of the 
rotor, the load of 120 tons imposed by the weight 
of the turbine runner and the hydraulic thrust. 

The two guide bearings are babbit lined and an 
adequate supply of oil is obtained from an oil 
pump driven by spur gearing from the shaft 
below the lower guide bearing. In addition, a 
standby motor-driven oil pump is being installed 
capable of supplying oil to any of the three 
alternators. 

The lower bracket is cast in halves for 
transport purposes and rests on separate sole 
plates. It carries, in addition to the lower guide 
bearing, eight cylinders for braking and jacking. 
Four cylinders are supplied with compressed air 
for braking, and the other four with oil from a 


RIVER PARTIALLY ERECTED IN STAFFORD WORKS. 


high-pressure hand-operated oil pump for jacking 
up the rotor for examination of the thrust bearing, 
etc. When in operation the rams bearing the 
braking shoes are forced against a track formed 
on the rotor hub, and the set is brought rapidly 
to rest. An interlock is provided to prevent the 
brakes being applied when the turbine gates are 
open. 

Each alternator is fitted with a direct-coupled 
exciter at the upper end of the shaft, the exciter 
frame being carried from the thrust bearing 
casing. 

The special form of rotor construction described 
above requires that the rotors shall be built up 
at site, but trial fits of portions of the core were 
made at Works. For this reason all tests 
except material tests, stator core tests and high- 
voltage tests, are being postponed until the sets 
have been finally erected in the Power House. 
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THE 10,000 KVA. ALTERNATOR OF THE ‘* ENGLISH ELECTRIC," WATER 
TURBINE Sev av ALOuETTE, CANADA, 


Two 6,000 kVA., 375 R.p.M., ‘‘ ENGLISH ELECTRIC’? WATER TURBINES AND 
ALTERNATORS IN BONNINGTON POWER STATION. 
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The first machine has been completed and the 
parts of the rotor shipped to site, where assembly 
will be commenced shortly. The second machine 
is completed and partially packed, while the third 
machine is in course of manufacture. 


It is interesting to record that an order for two 
16,666 kVA. 125 r.p.m. alternators of a similar 
type to those described above has recently been 
received from the Public Works Department of 
New Zealand. These machines are even larger 
than those described above. 


Some illustrations have been included in this 
article of other large vertical alternators built by 
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this Company. Figs.3 and 5 show the 10,000 kVA. 
200 r.p.m. alternator of a complete ‘‘ English 
Electric * Water Turbine Plant in the Alouette 
Power Station of the British Columbia Electric 
This station 
is specially interesting as being the largest com- 
pletely automatic power station in the world. 

The Company also manufactured the turbines 
and alternators shown in Fig. 6 which illustrates 
the interior of the Bonnington Power Station of 
the Lanarkshire Hydro-electric Power Company. 
Two similar ‘English Electric” units are in 


Railway Company at Vancouver. 


operation in the Stonebyres Station of the same 
Company. 
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THE PRODUCTS OF The 
English Electric Company 


GENERATING PLANT for STEAM, WATER or OIL POWER 


Complete Power Stations of any size. Steam Turbines & Turbo-alternators. 
Surface Condensers. Horizontal @ Vertical Water Turbines & Alternators. 
Diesel & Fullagar Oil Engines. Alternators & D.C. Generators for «ll 


forms of drive. 
ELECTRIC TRACTION 


Complete Electric Traction Systems. Electric Locomotives. Electric Motor- 
coach stock. Diesel-electric stock. Motors & Control Equipment for Railway 
or Road Vehicles. Battery Locomotives. Industrial Locomotives for all services. 
Electric Tramcars. Electric Trolley Buses. Tramcar & Bus Bodies. 


TRANSMISSION SYSTEMS at ANY VOLTAGE 


Complete Indoor or Outdoor Switching Stations. Oil Circuit-Breakers of 
large rupturing capacity. Isolating Switches of all types. Transformers of 
any size, type or voltage. Booster Transformers. Induction Regulators. 
Instrument Transformers. 


SUB-STATIONS G@ CONVERTING PLANT of ALL KINDS 


E.H.T. @ L. T. Switchgear. Complete Automatic Switching Equipments. 
Kiosk-type substations. Rotary Convertors. Motor Convertors. Motor- 
generators. Frequency Changers. 


POWER EQUIPMENT for ALL INDUSTRIES 


Specialists in the complete electrification of:— Iron and Steel Works. 
Non-ferrous Metal Works. Collieries. Quarries & Mines of every description. 
Brickyards. Cement Works. Sewage © Irrigation Works. Dockyards. 
Engineering Shops. Chemical Factories Dyeworks. Glass Works. Rubber 
Mills. Cotton, Wool, Silk & Jute Mills. Pulp & Paper Mills. Breweries. 
Sugar Factories. Food Factories. 


A.C.& D.C. Motors & Control Gear in units from } H.P. to 20 000 H.P. to 
meet all modern conditions of Starting Torque, Power Factor Correction, etc. 


WORKS : 
BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD 


HEAD OFFICE: QUEEN’S HOUSE, KINGSWAY, LONDON, W.C.2 
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EVERY DAY TEST DAY 


THE ELECTROFLO 

TURBINE EFFICIENCY 
METER 


HE efficiency of a turbo-generator as 

determined at the taking-over test is 

nowadays invariably satisfactory. But 
what is its efficiency ten months or two 
years later? What is the daily ratio of 
steam consumed to KW. generated? 
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These questions are accurately answered by 
the Electroflo~all electric-Turbine Efficiency 
Meter. The illustration shows the industrial 
model, which summates, on _ 5-figure, 
cyclometer integrators, the main and pass- 
out steam, and condensate flows, and records 
their fluctuations—thus providing time-flow 
records of the greatest value. 


To aid efficient operation, it also records 
main and extraction steam temperatures, 
and vacuum—z¢., six ink records on a 12" 
wide, continuous chart. A twenty-four 
hour record is exposed for inspection. 


The panel may be mounted where most 
convenient for use, irrespective of the 
distance from the point of measurement 
— centralization brought to a fine art. The 
cost ?——not more than you would pay for 
separate instruments. 


ELECTROFLO METERS CO. LTD. 
ABBEY ROAD. PARK ROYAL, 
at your request. LONDON. N.W.10 
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DISTRIBUTION BOARDS 
FOR POWER CIRCUITS 


SLATE BASE 


SHROUD REMOVED 
TO SHOW CONTACT 


DOME ENDED 
SELF-ALIGNING 
CARTRIOGE 


REMOVE 
CARTRIDGES 


of Handle type 
Cartridge Fuse. 


The Fuses are ‘‘English Electric’ Handle-Cartridge type with a Guaranteed 
Rupturing Capacity of 25,000 k.V.A. 
Range 0-800 amperes. For Working Pressures up to 750 volts. 
Accurate Calibration. No Oxidation. 
Comply with the latest relevant Home Office Rules. 


The Cases are light-gauge steel reinforced on a unique system that gives the 
necessary strength with greatly reduced weight and full accessibility. 


ASK FOR PUBLICATION No. 973. 
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THE ENGLISH. ELECTRIC COMPANY LIMITED. 
HEAD OFFICE: 


Queen's House, Kingsway, London.W.C.2. 


Works: . BRADFORD, COVENTRY, PRESTON, RUGBY AND _— STAFFORD. 
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THE WuiteHeap Letter FILE COMPANY 
Hotspur Works, Powell Street, London, E.C.1. 


Inventors and Patentees of numerous Devices for the Filing of Letters, 
Records and the like. 


Manufacturers of Filing Supplies—but not of Filing Cabinets—for most 
Letter Filing Systems. 
The neatest and tidiest Vertical Filing System is ours: the Files 
cannot ride-up in the Drawers. Ask for a sample Double-Cut File. 
Makers of Covers for Sectional Catalogues, for Estimates, for Works 
Stores Supplies and for Working Drawings. 


Any kind of cover from the delicate artistic to the tough and untearable. 


Proprietors of that very excellent Paper fastener—The Owl Clip. 
“ An eye for Business > One too few ! 
Observe this Clip : This Clip has two.” 


Sole Consignees of the Swedish production—The Agrippa File. 


The Best Letter File made on the Continent of Europe. 


And, whenever there is Quantity, Quotations will be given for Loose 
Leaf Sheets and Indexes of most kinds. 


Oxford Books on Electrical Engineering 


ELECTRO.MAGNETIC PROBLEMS in Electrical Engineering 


By Bernard Hague. Ready shortly: about 27s. 6d. net. 
ELECTRIC CONTROL GEAR and Industrial Electrification. 
By W. Wilson. Pp. xvi+ 362, with 215 illustrations in the text. 25s. nel. 


SWITCHGEAR FOR ELECTRIC POWER CONTROL. 
By E. B. Wedlmore and H. Trencham. 
Pp. xii+ 336, with 202 illustrations in the text. 25s. net. 
NOTES ON THE INDUCTION MOTOR. 
By H. E. Dance. Pp. viitit+ 152, with 70 diagrams. 6s. net. 


THE ELEMENTS OF RADIO COMMUNICATION. 
By O. F. Brown. Pp. viii + 216, with frontispiece and 1 46 figures. 10s. 6d. net. 


ENGINEERING NON-FERROUS METALS and ALLOYS. 
By Leslie Aitchison and W. R. Barclay. Pp. xx + 300, fully illustrated. 21s. net. 


Now ready 
THE “PRACTICAL ENGINEER” ELECTRICAL POCKET BOOK and DIARY 
for 1929. 


About 600 pp. of text, very fully illustrated. Cloth, 2s. 6d. net : leather cloth, 3s. net. 


OXFORD UNIVERSITY PRESS, Amen House, Warwick Sq., E.C.4 
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KOSFI-LEADING 


Compensated Induction 


MOTORS 


PROFIT BY IMPROVING 
YOUR POWER FACTOR 


In this Compensated Induction 
Motor the good starting properties, large 
overload capacity and simple operation 
of a slipring induction motor are com- 
bined with the valuable characteristic 
of Power Factor Correction, 

By installing a “ Kosfi- leading” 
Motor, the Power Factor of your load 
may be increased and your Power Bill 
reduced. High Power Factor means 
the better utilisation of Generating 


Plant and Mains. 


WRITE FOR PUBLICATION 
No. 900. 


THE ENGLISH ELECTRIC JOURNAL 


ENGLISH ELECTRIC 


Company Limited 


WORKS:— BRADFORD, COVENTHKY, PRESTON, RUGBY, STAFFORD 


Queen's House, Kingsway. London, W.C.2. 


February, 1929 


PHOTOGRAPHY 
AS A 
SALES MEDIUM 


is daily becoming a greater 
necessity. When buildings, 
plant, equipment and manu- 
factures need illustrating, 
there is no form so direct and 
appealing as_ photographs. 


The foremost engineers, ship- 
builders, architects and 
contractors employ the 
Stewart Bale photographic 
service in all parts of the 
Kingdom for permanent re- 
cords of work done and as an 
aid in securing new orders. 


STEWART BALE’S photo- 
graphs need the minimum of 
arlist’s retouching before blocks 
are made, thus saving expense 
and _ securing’ natural- 
looking results. 


The STEWART BALE 
photographic Service and Ex- 
perience is at your command. 
An opportunity of submitting 
examples of current work, dis- 
cussing and advising is welcomed. 


BALE 


Engineering & Technical 
PHOTOGRAPHER 


53 LORD STREET: 
LIVERPOOL 


Telephone - - - - - 4014 Bank 
Telegrams - “Lenses, Liverpool’’ 
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LOCOMOTIVE FOR THE 
POST OFFICE TUBE RAILWAY 


SS 


SN 


—another 
example of 
English 
Electric 
engineering 


plus 


KATHANODE 


Becklet Free. 
THE D.P. BATTERY CO., LTD., 
Bakewell - Derbyshire. 
London: 1/1, Victoria St., S.W. 1. 
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MARELLI 
ELECTRIC FANS 


A.C. SINGLE-PHASE CEILING FANS 


Maestrale - Maestralino - Maestralino Junr. - Condor - Airone. 


A.C. THREE-PHASE CEILING FANS 


Aliseo - Aliseino 


Imitation has been the sincerest form. 
of flattery since we were 
FIRST ON THE MARKET IN 1908. 


OUR LATEST MODELS EMBODY ALL THE IMPROVEMENTS MADE 
AS A RESULT OF AN EXTENSIVE EXPERIENCE IN THE TROPICAL 
MARKET. 


MARELLI & CO., LTD., 
FAN HOUSE, GARLICK HILL, 
LonpDon, E.c. 4. 
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S IN IN PHOTOGRAPHY. 


WE SEND OUR OWN PHOTOGRAPHERS TO 
me PARTS OF THE UNITED .KINGDOM 
AND THE CONTINENT. 


Ww 
OF BETTER BLOCKS 


5. EAST HARDING STREET, E.C.4t. 


Telephone, CENTRAL, 2602, 2603 & 2646 
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Mica, Leatheroid, | Vulcanized Fibre 


EMPIRE CLOTH AND TAPE 


Bakelite Sheets, Tubes, Spools, etc. 


for Oil-immersed Apparatus and Transformers. 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 
EBONITE for evecrricat MANUFACTURERS 


ATTWATER SONS, 


Established 1868. 


PRESTON, ENGLAND. 


Contractors to the British, American, French and Italian War Offices and Admiralties. 


U U 


XVII 
HAS ALWAYS BEEN OUR FIRST OBJECTIVE. 
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17, Grosvenor Gardens, 
LONDON, S.W.1, 


and Branches. 


Centralised 
Control 


2052A 


High-Grade 


CHDALE 
Materials 
' 
i 
= 


4' 6" Heavy Duty Centralised-Control Radial Drill. 


CENTRALISED CONTROL 


All Controls on the Saddle. 


Operator does not require to leave his working 
position by the spindle. 


Operator's fatigue greatly reduced. 
Output increased. 


HIGH-GRADE MATERIALS 
OF CONSTRUCTION 


DRIVING SHAFTS :—45/50 tons Heat Treated H.C. Steel. 

SPINDLE :—50/55 tons Heat Treated H.C. Steel. 

SPINDLE SLEEVE :—45/50 tons Heat Treated H.C. Steel. 

GEARS :—100 tons Air Hardened Nickel-Chrome Steel. 

RACK PINION SHAFT :—55/65 tons Heat Treated Chrome 
Vanadium Steel. 

FEED WORM WHEEL :—Spccial Phos. Bronze to Auto. Worm 
Wheel Analysis. 

ELEVATING NUT :—Special Phos. Bronze to Auto. Worm 
Wheel Analysis. 


Heavy Duty Centralised - Control 
Radial Drills Are Now Built Up To , 


5' 9” Max. Radius. 


When better ACachine Tools can be built, A.B.M.T.M. will be the Builders. 


| 
7 JAMES ARCHDALE &C°l° BIRMINGHAM 
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150,000 H.P. 
HY DRO-ELECTRIC 
POWER STATION 


Five 30,000 H.P. ** English Electric ” 
Twin Impulse Water Turbines and 
Alternators in the Bhira Station of 
The Tata Power Company, India. 


Complete Hydro-Electric Schemes 
undertaken inany part of the World. 


The 


ENGLISH ELECTRIC 


Limited. 


Queen's House, Kingsway, London, W,C.2. 


INDEX TO 
ADVERTISERS 


Alfa-Laval Co., Ltd. ii V 
Associated British Machine 

Tool Makers, Ltd. XVIII 
Attwater & Sons _.... 
Bale, Stewart a . XIV 
Broadbent, Thos. &Scns, Ltd. VIII | 
Craske, Alfred, Ltd... 
Davy Brothers Ltd. .... Vv 
D. P. Battery Co., Ltd. ... XV 


Electroflo Meters Co., Ltd..... XI 
English Electric 
Company, Limited IV, XII, 
XIV, XIX 
Equipment & Engineering Co. 


Heenan & Froude Ltd. i II 
London Electric Wire 

Co. & Smiths Ltd. a 
Marelli & Co., Ltd... .... XVI 


Mason, E. N., & Sons, Ltd..... VII 
Mitchell Conveyor Co. Ltd. III 


Oxford University Press .... XIII 
Renold, Hans, Ltd. .... i II 
Siemens Brothers & Co. Ltd. X 
Straker Brothers, Ltd. 


Strathclyde Paint Co., Ltd. VI 
Taylor, Tunnicliff & Co., Ltd. IX 
Whitehead Letter File Co..... XIII 
Yorkshire Copper Works, Ltd. I 


All communications respecting Editor- 
ial Contents and Advertising Rates 
should be addressed to The Editor, 
The English Electric Journal, 
Queen's House, Kingsway, W.C.2. 


- When communicating with Advertisers 
_ please mention English Electric Journal. 
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Telegrams, Telephone, 
Straker 


London” 


Bishopsgate 
2444 
(4 lines) 


(Straker Limited) 
Established 1800 


PUBLISHERS, 
PRINTING CONTRACTORS 
AND 


QUICK DELIVERY — ‘HIGH CLASS WORK 


SEND US YOUR ENQUIRIES NEXT TIME YOU 
ARE WANTING QUOTATIONS 


1 194-200 Bishopsgate, London, E. C. 2. 


Entrance to Works in Bishopsgate, 
_| 


May, 1929, THE ENGLISH ELECTRIC JOURNAL i 


Mar 


Copper, Brass, 


Aluminium Bronze, 
and 
Cupro - Nickel, 
for 
Power Stations. 


CUPRO-NICKEL 
CONDENSER TUBES 
(80/20, 70/30, 60/40, etc.) 
AND OTHER ALLOYS. 


BRASS CONDENSER 

TUBES in all standard 

and special mixtures 
including 

70/29/11 (Admiralty), 

70/30 and “Bemal.” 


LEEDS, ENGLAND. 
Telephones : 20031. Telegrams : “‘ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2 


The Problem 
of 


Corrosion - Erosion 


THE CHEMICAL 
ACTION OF WATER 


Water entirely free from air or 
gas entanglement would not cause 
corrosion-erosion, 


Unfortunately it is practically im- 
possible to eliminate all air and 
gas from the cooling water, and the 
only remedy is to have Tube Walls 
of metal resistant to such corroding 
influences. Yorkshire ’’ Cupro- 
Nickel Tubes provide the best 
resistant to corrosion-erosion. 


Our Research Department investi- 
gates cases of corrosion and issues 
an individual report, together with 
practical and remedial suggestions, 
without obligation. 


Firms experiencing Condenser 
Tube troubles are invited to ask 
for a complete investigation. 


in 

| 

a 

YORKSHIRE | 

Nothing 
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69,000 


These Super Power Units 


are typical of a considerable number of Power Station Plants now 
under construction in the Company’s Works. The Stator in the 
is fora 


30,000 kW., 3,000 r.p.m. Set for WEsT HAm. 
ons second Stator is for a 
25,000 kW., 3,000 r.p.m. Set for LEICESTER. 


This Company also ‘has i in hand in addition to many smaller sets :— 


25,000 kW.; 3,000 — Set for SHEFFIELD. 


30,000 kW., 3,000 r.p.m. _ for BRADFORD. 


“English Electric” Multi-Cylinder Steam 
Turbine Plant Running or on Order 


Aggregates 600.000kVA. 
ENGLISH _ ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED. 
HEAD OFFICE: 


Queen's House, Kingsway, London.W.C.2. 


Works: BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 


May, 1929. THE ENGLISH ELECTRIC JOURNAL il 


TYPES OF 
MITCHELL 
POWER 
STATION 


BUILDINGS 


STOURPORT. PRESTON. 


The “public building” type of station as built at Stourport for the Shropshire, Worcester 
and Staffordshire Electric Power Company. This station is constructed of artificial stone and brick 
on bold and imposing lines. 


Bit * speaking the types of Stations erected in this country can be divided into four, as follows :-— 


The second type, such as Preston Power Station, which is a steel frame building with thin brick 
panelling. The third type is the Power Station built for the Poplar Borough Council. This, as in the 
second type, is a steel frame building filled in with thin panelling. A\ll these buildings have the main load 
carried by a steel frame structure, and for this reason are rapidly erected. 


The fourth type of station was erected for the Peterborough Corporation. This is constructed 
throughout of Ferro-concrete, and, as may be seen from the illustration, has an appearance entirely 
different from the usual run. This type of design has been evolved to secure low cost ferro-concrete 
construction. 


We have complete Architectural, Civil and Ferro-Concrete Designing and Erecting Staffs, 
competent to tackle any size undertaking and to carry it out quickly, efficiently and at rock-bottom price. 


Apply 
to the 
BUILDING 


DEPARTMENT 
OF 


POPLAR. PETERBOROUGH. 


MITCHELL CONVEYOR 


COMPANY LIMITED, 
ATLANTIC HOUSE, 


45-50, HOLBORN VIADUCT, LONDON, E.C.1. 


q 


Immediate delivery. 
to 100 H.P. despatched from Stock. 


No waiting for quotations. The 
Renold Stock Drive Booklet gives 


full specifications 


complete drives, 
selection simple. 


THE ENGLISH ELECTRIC JOURNAL May, 1929. 
Install Renold Stock Drives 
d gain these advantages 
Any drive up Low cost. Prices of Renold Stock 
Drives compare very favourably with 
those of other forms of power 
transmission. Maintenance costs are 
negligible. 
and prices for Power saving. Renold Stock Drives 
drive transmit full power smoothly and 
without slip or friction. 
1 to 100 H.P. STOCK DELIVERY 
MANCHESTER 


HANS RENOLD 


Heenan 


~ PATENT ENCLOSED CIRCUIT AIR COOLERS 


for the ventilation of Turbo-Alternators are 


+ 


& Froude L 


GUARANTEED 


to provide a continuous supply of cool, clean, dry 
air which can be relied on in any climate. 
Moreover, by means of this simple system, 
running expenses and risk by fire are reduced 


to a minimum. 


The following is a Small Selection of Names of Purchasers :— 


Aberdeen Corporation 
British Admiralty 
Barnsley Corporation 
Bradford Corporation 
Bedford Elec. Dept. 
Brush Electrical Eng. 
Co. Ltd. 
British Brown-Boveri 
Ltd. 


British Thomson- 
Houston Co. Ltd. 
Consett Iron & Steel 


Ltd. 
English Electric Co. Ltd. 
Edinburgh Corporation 
Formby Depot 
(L.M.8. Rly.) 
General Electric Co.Ltd. 
Glasgow Corporation 


sames Howden & Co.Ld. 
Hull Corporation 
London Power Co. 
(Bow Road Stn.) 
London Power Co. 
(Deptford Stn.) 
Leicester Corporation 
Lancs. Dynamo & Motor 
Co., Ltd. 
Marylebone Corporatn. 
Metropolitan-Vickers 
Electrical Co., Ltd. 
Newport (Mon.) Corp. 
Ocker Hill Gen’ratg.8tn. 
Oerlikon Ltd. 
Peterboro’ Corporation 
Preston Corporation 
Powell Duffryn =~ > 


8. Wales Power Co Ltd. 
Stepney, Met. Borough 
Stockport Corporation 
3t. Pancras Boro’ Coun. 
Woolwich Corporation 
Worcester Corporation 
Yorks Elec. Power Co. 
Auckland Pow.8tn. N.Z. 
Adelaide Tramways 
Athens, 8t. George’s 
Power 8tn. 
Centrale de Droogen- 
bosch (Brussels) 
Capetown Suburb’n Rly. 
Eastern Bengal Rlys. 
Perak Power Station 
State Coal Mines 
(Holland) 
Etce., Etc. , 


Please send for descriptive Literature. 


td— Worcester—England 
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DE LAVAL CONSERVATOR 
Transformer Oil Purifiers. 


For Conservator and other types of Trans- 
formers which are designed to prevent the oil 
from coming into contact with air, it is necessary 
for the purification to be effected without expos- 
ing the oil to air. 


It is, therefore, most essential that the Suppliers 
of the high-voltage Transformers for the National 
Electrification Scheme should not utilise the 
ordinary open type of Centrifuge, but the special 
De Laval Conservator Equipment—the only 
plant by means of which high dielectric strength 
can be obtained independent of atmospheric 
conditions. 


This outstanding advantage of the Conservator 
Type De Laval has been recognised by all 
well-known Electrical Companies ; orders at 
present in hand including :— 

English Electric Co. Ltd., 

General Electric Co. Ltd., 

British Thomson-Houston Co. Ltd., 
Ferranti Ltd. 


ALFA-LAVAL COMPANY LTD., 
34, Grosvenor Road, LONDON, S.W.1. 


ROLLING MILL PLANT 


STEELWORKS & HYDRAULIC MACHINERY 


Supplied to the principal Works 
all over the world for more than 
50 years. 


ROLLING MILLS 
BLOOMING MILLS. REVERSING PLATE MILLS. 
THREE-HIGH PLATE MILLS. SECTION MILLS. 
MERCHANT MILLS. SHEET MILLS. ‘*MORGAN”’ 
CONTINUOUS ROLLING MILL PLANTS. TYRE AND 
WHEEL MILLS. COLD ROLLING MILLS. 


ACCESSORY MACHINERY 
SHEARS. HOT SAWS. MANIPULATORS. ROLLER 
GEAR. INGOT TILTERS. ROLL LATHES, ETC. 


HYDRAULIC MACHINERY 
“DAVY” PATENT HIGH-SPEED FORGING PRESSES. 
HYDRAULIC PRESSES FOR FLANGING, EXTRUSION, 
CABLE COVERING, LEAD PIPES, ETC.” HYDRAULIC 
PUMPS AND ACCUMULATORS. INTENSIFIERS. 
IMPROVED WORKING VALVES. 


STEAM HAMMERS att types. 


STEAM BOILERS of tHE LANCASHIRE, 
CORNISH AND VERTICAL TYPES. 


DAVY BROTHERS L” 


1830. SHEFFIELD. 42” x 9'-6" REVERSING PLATE MILL. 


A De Laval Conservator Transformer Oil Purifier 


in operation. 


. | — | 
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E. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


ARCLIGHT WORKS 


SPECIALIZED 
DEPARTMENTS 


ARCLIGHT WORKS 
SPECIALIZED 


DEPARTMENTS 
COMMERCIAL 
PRINTING. PHOTOGRAPHIC 
PAPERS AND LINEN 
ENGINEERING FOR ENGINEERS AND 
CATALOGUES. ARCHITECTS. 


THREE COLOUR AND 


ART REPRODUCTION. PHOTO PRINT ROOM 


EQUIPMENT. 
DIE STAMPING. 
MACHINE RULING. PLAN REPRODUCTION 
BY ALL MODERN 
ACCOUNT BOOK AND PROCESSES. 


LOOSE LEAF BINDING. 


DRAWING OFFICE 
FURNITURE AND 
EQUIPMENT. 


ALL CLASSES OF 
FORMS FOR MODERN 
SYSTEMS. 


THE ARCLIGHT SERIES OF 
TRACING CLOTHS 
EMBODY 
THE ACME OF 
QUALITY AND 
VALUE. 


SEND FOR 
OUR SAMPLE 
BOOK No. |. 


Office Furniture. Office Equipment. 


PLEASE SEND FOR A COPY OF OUR GENERAL OFFICE CATALOGUE. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE.-ON.-TYNE. 


an 
_ARCLIGHT 
x, 
f « | gh 
LOTHS: 
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SYNCHRONISED 
EFFORT 


Simplex* Cable Drum Jacks are supplied in pairs 
thus permitting both operators to work in sight 
of one another and synchronise their efforts. 


These Jacks are specially designed for the safe 
and efficient handling of Cable Drums, Wire Rope 
and Belting Reels and they are ruggedly con- 
structed to withstand the hard wear and tear of 
rough usage on outdoor service. 


Simplex Jacks are built without a single machine 
screw—expanded rivets only being used and there 
are less working parts in a Simplex than in any 
other similar type of Jack. 


There's a Simplex for every purpose. 


Write to-day for full particulars. 


2 & 3, NORFOLK STREET, STRAND,W.C.2, Estrand. 


PORCELAIN INSULATORS 


EXTRA HIGH TENSION AND LOW _ TENSION 
for 
OVERHEAD POWER TRANSMISSION, TELEGRAPH 
AND TELEPHONE LINES, BUSHINGS, ACCESSORIES, 
&c., IN HIGHEST GRADE ELECTRICAL PORCELAIN. 


“FISH-SPINE” INSULATING BEADS 
for Bare-wire Insulation 


TAYLOR, TUNNICLIFF & CO., LTD. 


Head Office: EASTWOOD, HANLEY, STAFFS. 


Telephone: Hanley 5272. Telegrams: Eastwood, Hanley. 


Works: HANLEY, STONE & LONGTON. 
London Office: 110, CANNON STREET, E.C.4. 


Telephone: Mansion House 72/1. 


| 
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STRATHCLYDE PAINT Co. LTD., 


| Manufacturers of 


_ LEADS, PAINTS, COLOURS & VARNISHES 


Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


 Puralb ” Strathclyde ” “Strathclyde” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


| Contractors to Home & Colonial Governments, leading 
| Railway Co.'s, Car. & Wagon Builders, Engineers, &c. 


| STRATHCLYDE WoRKS, DALMARNOCK, GLASGOW. 


<o™ ko the 


a ENAMEL 


INSULATED 
WIRE 


You eliminate all risk when you specify 

LEW enamel insulated wire. Every inch 

is the result of 50 years’ experience, entirely 

the product of our own factory, and 

guaranteed by the LEW mark. Always 
specify it. 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED 
Church Road, Leyton, London, E.10. 
Telephone : Walthamstow 2531. Telegrams: Lewcos Phone London. 


Trade Counter and Cable Sales, 7, Playhouse Yard, Golden Lane, London, E.C. 1. 
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Broadbent” 
CENTRIFUGAL CLUTCHES 


Should always be fitted to Electric Motors. 


“ga 


Revolving Flat Card Machine in a Dunlop Rubber 
Company's Cotton Mill, driven by a 14 H.P. 
“English Electric” motor fitted with a ‘‘Broadbent”’ 
Automatic Clutch. 


ONE HUNDRED AND EIGHTY ONE 


Broadbent Patent Automatic Centrifugal 
Clutches have been supplied to the Dunlop 
Rubber Company and are proving entirely 
satisfactory. 


ADVANTAGES : 


Motor starts up easily against Full Load. 

Fast 4 Loose Pulleys entirely dispensed 
with. 

Safe Protection of Motor against Overload. 

Squirrel-Cage Motors and Star-delta Start- 
ers can be used. 

Considerably Reduced Starting Current 
Consumption. 


View showing Broadbent Automatic Clutch 
with Cover Removed. 


Enlarged New Catalogue on Request. 


Thomas Broadbent & Sons, Ltd. 
HUDDERSFIELD. 


Established 1864. 
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100 MILES 
33,000 VOLT 


OVERHEAD 


TRANSMISSION LINE 


to be erected by 


The Contract for the 


North West England and North Wales 


Electricity Scheme has been placed with 
us by the Central Electricity Board. 


SIEMENS BROTHERS & CO., LIMITED, 
WOOLWICH, S.E.18. 


May, 1929. 
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